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Genetic sequencing for measuring biodiversity in recent and ancient marine sediments
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Research Objectives
Discussion
Conclusions
To address the above issue, we attempted to measure the genetic 
biodiversity (in which species are determined based on sequencing of their 
DNA) of shallow marine ecosystems by extracting and sequencing the 18S 
ribosomal gene from bulk carbonate sediment samples taken from several 
locations around the Caribbean island of Grand Cayman. By comparing 
genetic and taxonomic biodiversity, we hope to provide a more reliable, or 
at least supplementary, measure of molluscan biodiversity in this 
ecosystem. Our rst objective was to develop a protocol for extraction and 
PCR, to determine the best region of the genome to target for molluscan 
biodiversity.
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Background
Taxonomic biodiversity, measured by counting the number of species 
present in a given area, is the most common method of capturing ecosys-
tem biodiversity in recent and ancient environments. While this method is 
widely accepted, it is limited by poor preservation and identication of 
many individuals, making it impossible to include every species within an 
ecosystem and resulting in the loss of some diversity information.
Figure 1.  The island of Grand Cayman, located in the Caribbean Sea, just 
south of Cuba. Samples were taken from two on-shore locations (SR-F and 
HQ-F) from the Ironshore Formation (Pleistocene), and three o-shore 
locations from recent carbonate sediments (RP-S, SS-S, and EB-S). 
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Figure 2. The main sam-
pling grid was 30m with 
a smaller 3m grid in the 
rst corner. Not to scale.
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Lab Methods
DNA concentration and quality after extraction seems very 
promising for most samples. The two samples with the lowest 
concentration were from East Bay, which was rockier and 
harder to sample from in the eld. Because of this, the grain 
size analysis was performed to see if there was any correlation 
between grain size distribution and DNA concentration. EB-2 
and EB-4 had the lowest concentration of DNA, and also 
seemed to have higher percentages of coarse grains. RP-4 and 
SS-4 had high concentration levels, and higher percentages of 
ne grains. We decided to perform an LOI experiment to see if 
the concentration data we were getting matched the amount 
of organics in the samples, in order to rule out contamination 
during extraction. However, there does not seem to be much of 
a relationship between concentration and the LOI results. We 
hope to test dierent target regions in the future to determine 
the best protocol to determine biodiversity.
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Extraction
•Ground samples with pestle and mortar
•Created extraction buer with EDTA, SDS, and Proteinase K
•Combined 0.5g of sample with 1 mL of buer
•Placed in shaking incubator for a two day cycle
•Used QIAquick PCR Purication Kit to clean and elute DNA
•Samples were run on a 1% agarose gel to determine if DNA was 
present (Figure 6)
•Concentration and quality of samples was read on a spectropho-
tometer
•DNA was stored in a freezer until PCR
Amplication
•Polymerase Chain Reaction (PCR) amplies the amount of DNA 
in a sample
•We targeted region V9 to test its accuracy in determining 
biodiversity
•We tested two dierent mastermixes with these primers; 
Amplitaq Gold and Phusion High Fidelity
•Mastermixes were tested on the samples with the highest 
concentration and quality (SS-4 and RP-2)
•Samples were then run on a 1% agarose gel to determine if PCR 
had amplied the quantity of DNA
Figure 6. Two agarose gels showing sample DNA after 
extraction. DNA ladders were added for reference.
Figure 7. Graphic showing how PCR amplies the quantity 
of DNA through temperature cycles. 
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Jones, B., and Hunter, I.G., 1990, Pleistocene paleogeography 
and sea levels on the Cayman Islands, British West Indies: Coral 
Reefs, v. 9, p. 81-91, doi: 10.1007/BF00368803.
•Extracting high concentrations of DNA from bulk sedi-
ment is feasible.
•PCR protocol for bulk sediment extractions needs to 
be optimized.
•PCR failed at amplifying target region V9 in our sam-
ples, as shown in Figure 12.
•Future work should target V4 or V7 instead of V9.
Figure 8. DNA quality of samples after extraction. 260nm is the 
wavelength at which DNA absorbs UV light. 260/230 ratio shows 
the amount of salt in the sample, <1.5 preferred. 260/280 ratio 
shows DNA purity, 1.7-2.0 preferred.
Figure 9. Concentration of DNA was read on a spectrophotome-
ter requiring 1ul of sample. Most PCR reactions require around 
100ng of DNA total, so a concentration greater than 20ng/ul is 
preferred.
Figure 3. Onshore sample. 
Onshore locations were 
found by referencing a 
1990 paper by Jones and 
Hunter.
Figure 4. Oshore samples were taken 
while SCUBA diving. 50 spade-fulls of sedi-
ment were taken at each point on the grid.
Figure 5. A sea grass census was taken at 
each location.
Results
Figure 10. Grain size analysis showing the dierences in grain 
size distribution across sampling sites. South Sound and Rum 
Point had more ne grain sediment than East Bay.
Figure 12. (Left). After 
PCR, samples were run 
on a 1% agarose gel. 
One of our best 
extraction samples 
showed no results 
after our PCR protocol, 
indicating we had no 
DNA from target 
region V9.
Figure 11. The weight percent of samples left after heating them 
to 1,000°C. The organics were burned o, while the calcium 
carbonate sediment was left behind.
“Schematic drawing of a complete PCR cycle” by Enzoklop is licenced under CC BY-SA 3.0.
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